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以 ITS、18S 和 28S rRNA 为分子标记，通过多对引物的 PCR 扩增、克隆建
库、PCR-RFLP 分析、测序和 real-time qRCR 分析对太平洋三个不同海域水深超
过 5000m 深海沉积物样品的真菌多样性和丰度进行调查研究，发现太平洋沉积
物中的真菌主要属于 12 个真菌纲的 72 个属：座囊菌纲 Dothideomycetes，酵母
纲 Saccharomycetes，粪壳菌纲 Sordariomycetes，散囊菌纲 Eurotiomycetes，锤舌
菌纲Leotiomycetes，外担菌纲Exobasidiomycetes，囊担菌纲Cystobasidiomycetes，
节担菌纲 Wallemiomycetes，伞菌纲 Agaricomycetes，银耳纲 Tremellomycetes，
微球黑粉菌纲 Microbotryomycetes 和伞型束梗孢菌纲 Agaricostilbomycetes 及 2
个未培养真菌类群（uncultured soil fungus group 和 uncultured Zygomycetes 
group）。其中已鉴定的优势菌属是镰刀菌属 Fusarium，假丝酵母属 Candida，短
梗霉属 Aureobasidium，青霉属 Penicillium，红酵母属 Rhodotorula，侧耳属
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结果显示通过分离培养获得的菌株属于 8 个纲（散囊菌纲 Eurotiomycetes，座囊
菌纲 Dothideomycetes，粪壳菌纲 Sordariomycetes，锤舌菌纲 Leotiomycetes，囊
担菌纲 Cystobasidiomycetes，外担菌纲 Exobasidiomycetes，微球黑粉菌纲
Microbotryomycetes 和酵母纲 Saccharomycetes）14 个属的真菌信息，其中优势菌
属是枝孢属 Cladosporium，青霉属 Penicillium 和红酵母属 Rhodotorula，占到分
离总菌株数的 49.0%。而通过免培养方法一共获得 7 个纲（座囊菌纲
Dothideomycetes，粪壳菌纲 Sordariomycetes，酵母纲 Saccharomycetes，散囊菌
纲 Eurotiomycetes，锤舌菌纲 Leotiomycetes，银耳纲 Tremellomycetes 和伞菌纲
Agaricomycetes）25 个真菌属和 6 个分类地位不明确的真菌类群的信息，其中的
优势属是短梗霉属 Aureobasidium，枝孢属 Cladosporium，假丝酵母属 Candida，
炭角菌属 Xylaria，角担菌属 Ceratobasidium 和侧耳属 Trichosporon，占到文库总克





























Deep-sea environments are recognized as a typical extreme habitat. 
Microorganisms are widely distributed in a variety of deep-sea environments, actively 
participate in material circulation and energy metabolism of deep-sea ecological 
system, and play an important role in biogeochemical cycles on earth. The presence 
and ecological significance of bacteria and archaea in deep-sea environments have 
been well recognized, but fungi have received little attention in deep-sea 
environments. This thesis aims to investigate the fungal community structure and 
abundance in two typical deep-sea environments (deep-sea sediments and deep-sea 
hydrothermal vents) by culture-dependent and culture-independent molecular 
methods. 
Fungal community and abundance in deep-sea sediments collected from three 
areas of the Pacific Ocean (water depths greater than 5000 m) were investigated using 
culture-independent molecular methods (clone library construction, PCR-RFLP, 
sequencing, and real-time PCR) with 18S, 28S and internal transcribed spacer (ITS) 
regions of ribosomal RNA as the phylogenetic biomarkers. Twelve classes of fungi 
were recovered in the deep-sea sediments of the Pacific Ocean, including 
Dothideomycetes, Saccharomycetes, Sordariomycetes, Eurotiomycetes, 
Leotiomycetes, Exobasidiomycetes, Cystobasidiomycetes, Wallemiomycetes, 
Agaricomycetes, Tremellomycetes, Microbotryomycetes, and Agaricostilbomycetes. 
The fungal sequences were affiliated to 72 genera and 2 uncultured fungal group 
(uncultured soil fungus group and uncultured Zygomycetes group). The genera of 
Fusarium, Candida, Aureobasidium, Penicillium, Rhodotorula, Pleurotus, and 
Malassezia were dominant in the fungal community, accounting for 72.3% of total 
clone sequences recovered. Ascomycota was dominant and showed more diversity 
than Basidiomycota. The qPCR results also showed that Ascomycota was about one 















samples, suggesting that Ascomycota is the domain fungal taxa in deep-sea sediments. 
Moreover, the fungal diversity and abundance in the samples collected from Marina 
Trench, the deepest part of the Ocean, were low compared with those in other 
sampling sites of the Pacific Ocean. 
In addition, fungal diversity and abundance were also investigated in five rock 
samples from a hydrothermal vent site at the Mid-Atlantic Ridge (MAR) of the South 
Atlantic Ocean through cultivation method combined with molecular biology methods 
(ITS clone library construction, sequencing, and real-time PCR). The 
culture-dependent results showed that all the fungal isolates were grouped into 14 
genera of eight taxonomic classes, including Eurotiomycetes, Dothideomycetes, 
Sordariomycetes, Leotiomycetes, Saccharomycetes, Cystobasidiomycetes, 
Exobasidiomycetes, and Microbotryomycetes. The genera of Cladosporium, 
Penicillium and Rhodotorula were dominant, accounting for 49.0% of total isolates. 
Based on culture-dependent molecular method, 7 taxonomic classes were recovered 
from hydrothermal vent samples, including Dothideomycetes, Sordariomycetes, 
Saccharomycetes, Eurotiomycetes, Leotiomycetes, Tremellomycetes and 
Agaricomycetes. The sequences were affiliated to 25 genera and 6 uncultured or 
unclassified fungal groups, in which the genera of Aureobasidium, Cladosporium, 
Candida, Xylaria, Ceratobasidium and Trichosporon were dominant, accounting 
for51.6% of the total sequences. Only four fungal genera, including Cladosporium, 
Phoma, Aspergillus, and Meyerozyma, were recovered by both culture-dependent and 
independent approaches. Ascomycota was found to be dominant in fungal community 
of this hydrothermal vent site, followed by Basidiomycota. The qPCR results also 
demonstrated that Ascomycota was about two to three orders of magnitude more 
abundant than Basidomycota in these hydrothermal vent samples. 
In summary, this study investigated the composition and abundance of fungal 
community in deep-sea sediments and hydrothermal vent samples, suggesting the 
presence of high diversity of fungi in deep-sea environments. A high number of 
unknown fungal species were discovered, accounting for 43.5% of the total 















The results in this thesis will improve our understanding of fungal communities in 
deep-sea extreme environments and provide basic information for exploring the 
ecological role of deep-sea derived fungi. 
 
Key words: Deep sea sediments; Deep-sea hydrothermal vent areas; Fungi; 
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第一章 前 言 
1.1 深海极端环境 
海洋是地球上最大的生物栖息地，占地球生物圈总体积的 90% 以上和总面
积的 70% 以上，平均深度 3800 m。深海通常指深度在 1000 m 以下的海洋，占
到海洋总面积的 3/4,其中深海沉积物覆盖了地球表层的 50%以上，地球的最深处
为 10911 m（马里亚纳海沟的斐查兹海渊），地球上绝大部分的深海都只有
1000~6000 m 深，6000 m 以下的深海区只占海洋总体积的 0.1%[1]。相比于陆地
环境和近海环境，深海环境具有以下的典型的特征[2, 3]： 
（1）高压 
海水压力随深度的增加而增加（深度每下降 10 m，压力增加 1 个大气压），
因此生长在 5 000 m 深度海底的生物，必须要能耐受 500 个大气压的压力。大部
分深海区的压力在 200~600 个大气压范围，而地球上最深的海沟——马里亚纳海
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水中进行。据估计，海洋中光合作用生物所产生的有机物 95%在 300 m 以上就
已被消耗。在深度 300~1200 m 的海域内，又有 4% 的有机物被利用掉，仅有 1%
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